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ABSTRACT
We investigate the systematic variation of the [OII]λ3727/Hα flux line ratio as a
function of various galaxy properties, i.e., luminosity, metallicity, reddening, and exci-
tation state, for a sample of 1 124 emission-line galaxies, with a mean redshift z ∼ 0.06,
drawn from the Two Degree Field Galaxy Redshift Survey. The mean observed and
extinction-corrected emission-line flux ratios agree well with the values derived from
the B-band selected Nearby Field Galaxy Survey galaxy sample, but are significantly
different from the values obtained from the Hα-selected Universidad Complutense de
Madrid Survey galaxy sample. This is because the different selection criteria applied
in these surveys lead to a significant difference in the mean extinction and metallicity
of different samples.
We use the R23 parameter to estimate the gas-phase oxygen abundance and find
that the extinction-corrected [OII]λ3727/Hα ratio depends on the oxygen abundance.
For 12 + log(O/H) >
∼
8.4, we confirm that the emission-line ratio decreases with in-
creasing metallicity. We have extended the relationship further to the metal-poor
regime, 12 + log(O/H) <
∼
8.4, and find that the correlation between the extinction-
corrected [OII]λ3727/Hα ratio and the metallicity reverses in comparison to the rela-
tionship for metal-rich galaxies. For metal-poor galaxies, in contrast with metal-rich
ones, the variation of extinction-corrected [OII]λ3727/Hα ratio is correlated with the
ionization states of the interstellar gas.
The relative importance of the metallicity or the excitation state in determining
the extinction-corrected [OII]λ3727/Hα ratio depends on galaxy luminosity.
Key words: surveys, galaxies: fundamental parameters, galaxies: general, galaxies:
statistics
1 INTRODUCTION
Spectral features in integrated spectra of galaxies allow us
to determine important aspects of their evolutionary state.
With the advent of the current generation of large tele-
scopes, spectrophotometric studies are possible for fainter
and more distant galaxies. Measuring the evolution of the
star formation rate since the earliest cosmic epochs in the
Universe is crucial for an accurate understanding of the for-
mation and evolution of galaxies. Since the pioneering pa-
pers by Lilly et al. (1996) and Madau et al. (1996), several
deep spectroscopic surveys have enabled detailed investiga-
tions of the star formation history of the universe (e.g., Ham-
mer et al. 1997, Tresse et al. 2002, Hippelein et al. 2003).
The interpretation of integrated spectral properties, and
estimates of the cosmic star formation rate over an extended
redshift range requires the use of a range of star formation
indicators. Unfortunately, there are significant discrepancies
between different star formation rate indicators (Hopkins et
al. 2003, and reference therein). The flux of the Hα Balmer
line is directly linked to the total ionizing flux, making this
line the most robust and reliable tracer of star formation.
Hα emission line still suffers from attenuation by dust how-
ever. The [OII]λ3727 emission line has been used widely in
a number of studies of the star formation rate in redshift
ranges where the Hα emission line moves into the near-
infrared (e.g., Thompson & Djorgovski 1991; Cowie et al.
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1997; Hogg et al. 1998; Hippelein et al. 2003). However, pub-
lished calibrations of the star formation rate in terms of the
[OII]λ3727 emission vary by factors of a few (Gallagher et al.
1989; Kennicutt 1992; Guzma´n et al. 1997; Rosa-Gonza`lez
et al. 2002).
Jansen et al. (2001) and Kewley et al. (2004) used the
Nearby Field Galaxy Survey (Jansen et al. 2000, NFGS here-
after), and Arago´n-Salamanca et al. (2005, submitted) the
Hα selected Universidad Complutense de Madrid Survey
(UCM) to investigate the variation of [OII]λ3727 as a func-
tion of galaxy properties. Kewley et al. (2004) have found
no systematic difference between star formation rates us-
ing Hα and [OII]λ3727 luminosities after correcting for the
effects of internal extinction and metallicity on [OII]λ3727
luminosity. Unfortunately, these are relatively small surveys
and they sample rather limited ranges of interstellar gas pa-
rameters.
Since the pioneering works by Gallagher et al. (1989)
and Kennicutt (1992), several spectroscopic studies of galax-
ies in the Local Universe have been undertaken (e.g., Tresse
et al. 1999, Salzer et al. 2000, Jansen et al 2000, Carter et al.
2001, Gavazzi et al. 2004). However, the number of emission
line galaxies observed in these surveys for which all the emis-
sion lines needed to identify the nature of the ionizing source
and to estimate gas phase metallicity (i.e., [OII]λ3727, Hβ,
[OIII]λ4959, λ5007, [NII]λ6548, Hα, [NII]λ6584, [SII]λ6717,
and [SII]λ6731) are observed with high confidence do not
exceed a few hundred galaxies at best. The advent of large
spectroscopic surveys, such as the Sloan Digital Sky Survey
(Stoughton et al. 2002, Abazaijan et al 2003, SDSS here-
after) and Two Degree Field Galaxy Redshift Survey (Col-
less et al. 2001, 2dFGRS hereafter) provides larger emission
line galaxy samples with all the needed emission lines.
The 2dFGRS was carried out with the primary aim
of studying the three-dimensional clustering properties of
galaxies and determining the luminosity function. However
for a subsample of the 2dFGRS galaxies, the quality of
the spectra is good enough to determine accurate emission
line properties. We select normal star forming emission line
galaxies with strong emission lines, high-quality spectra, and
high signal-to-noise for a detailed study of the sensitivity of
[OII]λ3727/Hα flux ratio to galaxy and interstellar medium
properties. We aim to establish the properties of a local sam-
ple that can be used as a comparison for more distant galaxy
samples. The 2dFGRS spectra are suitable for carrying out
such an investigation, and have the following properties: (i)
the large spectral coverage means that the galaxy spectra
contain most of the prominent optical emission lines, includ-
ing [OII]λ3727 and Hα, and emission lines needed to identify
the ionizing source, (ii) we can correct Hα and Hβ for the
absorption features in the spectrum of the underlying stellar
population.
The paper is organized as follows. In Sect.2, we describe
how we obtain the emission line galaxy sample used in this
paper from the original 2dFGRS data set. In Section 3, we
describe surface photometry measurements of the 2dFGRS
galaxies, and assess the effects of aperture on the emission
line properties. Section 4 discusses the dependence of emis-
sion line [OII]λ3727/Hα flux ratio on interstellar gas prop-
erties. In Sect. 5, we present the results of this analysis and
summarize our conclusions.
Throughout this paper, all calculations assume the cos-
mology given by WMAP, with ΩΛ = 0.73, Ωm = 0.27 and
H0 = 71km s
−1 Mpc−1 (Spergel et al. 2003).
2 GALAXY SAMPLE
Our sample is drawn from the 2dFGRS data set, which con-
sists of optical (3600-8000 A˚) spectroscopy of more than
250 000 galaxies brighter than bj = 19.7, with a full width
at half-maximum (FWHM hereafter) spectral resolution of 9
A˚. The survey covers two contiguous declination strips, plus
99 randomly located fields. One of the strips is located close
to the south Galactic pole, while the other strip is located
on the celestial equator in the northern Galactic hemisphere.
Full details of the survey strategy are given in Colless et al.
(2001).
We first exclude all galaxies observed before 31 August
1999, since these were observed whilst there was a fault with
the atmospheric dispersion compensator within the 2dF in-
strument (Lewis et al. 2002a). For these galaxies, the fitting
procedure to determine the line properties gives results of
poor quality. This cut leaves us with 200 160 galaxies. We
selected galaxies with high quality redshift determinations,
reducing the sample to 185 731 galaxies. We used a fully au-
tomatic procedure to measure the emission lines properties.
A detailed discussion of the procedure and the determina-
tion of the fitting quality is presented by Lewis et al. (2002b).
Here we summarize the basic points of this procedure. The
line fitting consists of a simultaneous fitting of a series of
absorption lines and a series of emission lines. Some of these
are very close in wavelength (e.g., Hβ in absorption and
emission). This technique works very well in fitting broad
absorption lines and narrow emission lines (see figure 2 in
Lewis et al, 2002b). The fitting allows a common wavelength
shift for all the lines so relative shifting between the lines
is not allowed. It does not work as well for broad emission
lines where the absorption component is not well constrained
or where several emission lines can combine to give a non-
unique solution (e.g., [NII]λ6548 and Hα). These results are
however, good enough to identify broad emission line cases.
Note that only high signal-to-noise (S/N) spectra have been
fitted. To get accurate estimates of the gas phase properties,
and to avoid any possible bias, we select galaxies having a
good quality fit for all of the emission lines needed to classify
the galaxies, i.e., the nature of the ionizing sources, and to
measure the gas-phase oxygen abundance. This requirement
leaves us with a sample of 10 284 galaxies. Equivalent widths
were corrected from the observed to the rest frame. We se-
lect only galaxies whose spectra have a relatively high S/N
ratio, i.e. S/N ≥ 10 measured on the continuum between
4000 A˚ and 7500 A˚. This leaves us with a sample of 7 353
galaxies. In our subsequent analyses, we use only galaxies
which show Balmer lines in emission with equivalent widths
larger than 10 A˚ after correcting for the underlying stellar
absorption. This corresponds to the spectral resolution of
the 2dF instrument, and galaxies with weaker emission are
subject to large systematic uncertainties from instrumen-
tal effects, particularly affecting estimates of the internal
dust extinction from the Balmer decrement. This equivalent
width threshold also minimizes the effect of the underlying
stellar absorption. The requirement of having the Hβ equiv-
alent width larger than the spectral resolution of the 2dF
c© 2001 RAS, MNRAS 000, 000–000
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instrument drastically reduces the number of emission line
galaxies in the final sample, and leaves us with 1 327 galax-
ies.
As we are interested in normal emission line galax-
ies, we have excluded galaxies which are dominated by
Active Galactic Nuclei (AGN hereafter). We first exclude
galaxies which have a Hβ emission line FWHM larger
than 10 A˚ (corresponding to a velocity width of >∼ 670
kms−1), since these are likely to be Seyfert I galaxies.
We then use the classical diagnostic ratios of two pairs
of relatively strong emission lines (Baldwin et al. 1981,
Veilleux & Osterbrock 1987) to distinguish between galax-
ies dominated by emission from star-forming regions and
galaxies dominated by emission from non-thermal ionizing
sources. We classify galaxies according to their position in
[OIII]λ5007/Hβ vs. [NII]λ6583/Hα and [OIII]λ5007/Hβ vs.
[SII]λ6717, λ6731/Hα diagrams. The demarcation between
star-forming galaxies and AGN in both diagrams was taken
from Kewley et al. (2001). Fig. 1 shows the distribution of
the sample galaxies in the diagnostic diagrams. We used the
conservative requirement that a galaxy must be classified as
a star-forming galaxy in both diagnostic diagrams in order
to be retained in our sample (see Lamareille et al. 2004 for
more detail on the classification of emission line objects).
The diagrams show that our sample contains galaxies with
a large range of excitation levels, suggesting that our sam-
ple contains both metal-rich and metal-poor galaxies. This
sample is thus suitable for studying the properties of dust
obscuration and emission lines over a large range of metal-
licities and excitation parameters.
196 galaxies show Balmer decrements smaller than the
intrinsic Hα/Hβ ratio of 2.85 which corresponds to case B re-
combination with a temperature of T = 104K, and a density
of ne ∼ 10
2 − 104 cm−2 (Osterbrock 1989). This is probably
due to an intrinsically low extinction, coupled with uncer-
tainties in the correction of the underlying stellar absorp-
tion, and/or errors in the data reduction. As this implies
a physically impossible negative extinction, those galaxies
were removed from the sample. Thus, we end up with a fi-
nal sample of 1 124 normal emission line galaxies.
The distributions of global properties, i.e., galaxy
colours, bj-band absolute magnitudes, redshift, and the η
parameter respectively, of the selected sample are shown in
Fig. 2. The corresponding numerical data for emission line
galaxy properties presented in this paper are provided for
the reader through CDS⋆, or directly from the authors. The
parameter η is a linear combination of the first two projec-
tions derived from the Principal Component Analysis of the
2dFGRS spectra. This parameter is found to be a measure
of galaxy spectral type, i.e., a measure of the average emis-
sion/absorption line strength of a galaxy (see Madgwick et
al. 2002 for a detailed discussion). As one may expect, the fi-
nal emission line galaxy sample contains galaxies with bluer
colours and later spectral types than the bulk of galaxies in
the parent 2dFGRS sample. As a result of the selection pro-
cedure, the redshifts in the final emission line galaxy sample
do not exceed z ∼ 0.13, with a median around z ∼ 0.06. The
observed gaps in the redshift distribution occur when one or
⋆ Centre de Donne´es Astrophysiques de Strasbourg,
http://cdsarc.u-strasbg.fr/CDS.html
Figure 2. Distribution of general properties of our sample of
1 124 star forming galaxies. The upper panels show the absolute
bj-band magnitude, and (bj -R) colour distributions. The lower
panels show the distributions of redshift and the spectral type-
sensitive parameter η.
more of the emission lines lie close to a night-sky emission
line, reducing the signal-to-noise ratio around that line, and
hence the quality of the line fitting, which cause them to be
excluded them from the final emission line galaxy sample.
The completeness of the final galaxy sample is difficult
to quantify, and it is possible that the selection procedure
could disguise the existence of intrinsic correlations between
galaxy properties that we aim to investigate. Therefore it
is important to assess to what extent the final sample of
emission line galaxies covers similar regions in the param-
eter space (e.g., luminosity, colour, spectral type, surface
photometry properties) as emission line galaxies in the orig-
inal 2dFGRS sample. To ensure that our final sample of
emission line galaxies is representative of the parent 2dF-
GRS emission line galaxies, we compare the distribution of
galaxy properties for both samples.
The parent 2dFGRS emission line galaxy sample was
selected as follows. It contains objects in the final 2dFGRS
data release having reliable redshifts, for which we have a re-
liable match between the APM target coordinates with the
SuperCOSMOS Sky Survey image catalogue (Hambly et al.
2001). There is also the additional criterion that heliocentric
radial velocities cz > 1000km/s. This constraint was added
to guard against including any incorrect velocities caused
by having a Galactic star superimposed on a galaxy image,
or an outright failure of the redshift estimation. It also re-
moves very nearby galaxies for which the velocity is a poor
indicator of distance, and hence guards against getting in-
correct absolute magnitudes: only a very small number of
dwarf galaxies with M(bj) > −15 mag are rejected (a small
number because the volume is small, and dwarfs because
of the apparent magnitude limits of the survey). We have
estimated the surface photometry parameters for 2dFGRS
galaxies using blue images obtained from the SuperCOS-
MOS Sky Survey (see Sect. 3.1 for a detailed discussion of
surface photometry measurements). The effective radius is
c© 2001 RAS, MNRAS 000, 000–000
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Figure 1. Diagnostic diagrams for our sample of 1327 narrow emission line galaxies. The continuous lines show the theoretical separation
between starburst galaxies and AGNs from Kewley et al. (2001). The dashed line in the [NII]λ6583/Hα vs. [OIII]λ5007/Hβ diagram
shows the separation between starburst galaxies and AGNs as defined empirically by Kauffmann et al. (2003) using SDSS data.
estimated as the semi-major axis of the ellipse that contains
half the light of the galaxy, while the effective surface bright-
ness is the surface brightness at the half-light isophote.
Fig. 3 shows the variation of intrinsic surface bright-
ness and physical effective radius as a function of absolute
bj-band magnitude respectively (see Section 3.1 for details
of the calculation of these quantities). Our 1 124 galaxy
sample is shown as dots, with the bars showing the me-
dians and the standard deviations in 1.5 magnitude wide
bins. The parent 2dFGRS emission line galaxy sample is
shown as a greyscale plot on a logarithmic scale. For our
sample galaxies, for which Hα equivalent widths are larger
than ∼ 25 A˚, strong correlations are apparent between sur-
face photometry properties and absolute magnitude, i.e., lu-
minous/faint galaxies tend to have on average large/small
physical sizes and high/low central surface brightness. The
first parent 2dFGRS emission line galaxy sample, shown in
the upper panels, was constructed from the 2dFGRS sample
by selecting galaxies with η > 0, i.e., Hα line in emission,
and contains 71 207 galaxies. The comparison between the
parent 2dFGRS emission line galaxy sample, and the final
1 124 emission line galaxy sample shows that (i) the parent
emission line galaxy sample includes luminous galaxies, i.e.,
brighter than M(bj) ∼ −21, that are excluded from the fi-
nal 1124 emission line galaxy sample, and (ii) for a given
galaxy magnitude, galaxies with low surface brightness and
larger effective radii tend to be excluded from our final 1124
emission line galaxy sample. This is because galaxies in the
final sample were selected on the basis of their Hβ equivalent
width being larger than 10 A˚. To take this selection criterion
into account, we have constructed a second parent 2dFGRS
emission line galaxy sample by selecting galaxies from the
2dFGRS sample requiring both η > 0 and Hβ equivalent
width larger than 10 A˚. This second sample contains 12 660
galaxies. The bottom panels of Fig. 3 show a comparison
between our 1 124 emission line galaxy sample and the sec-
ond 2dFGRS parent emission line galaxy sample. It shows
that emission line galaxies in the final emission line galaxy
sample cover roughly similar ranges of galaxy parameters
as the second parent 2dFGRS emission line galaxy sample,
and that galaxies are distributed similarly in both samples.
The cut on Hβ equivalent width excludes bright/physically
big galaxies, since galaxies with low emission line equivalent
width tend to dominate the bright end of the galaxy lumi-
nosity function (e.g., Salzer et al. 1989; Kong et al. 2002).
Despite this cut, the final 1 124 emission line sample cov-
ers a large range of galaxy luminosities, i.e., 7 magnitudes,
similar to the magnitude range covered by NFGS sample
(Jansen et al. 2000) or 15R-North galaxy redshift survey
sample (Carter et al. 2001). This is attributed to the large
scatter that affects the galaxy luminosity versus emission
line equivalent width relation (e.g., Jansen et al. 2000). The
distributions of the final 1 124 emission line galaxy sample
and the second parent 2dFGRS emission line galaxy sam-
ple are similar in both (bj-R) vs. µ(bj) and (bj-R) vs. Re
diagrams.
Fig. 4 shows the variation of (bj-R) colour, Hα equiva-
lent width, and extinction-uncorrected [OII]λ3727/Hα flux
ratio (see below for a detailed discussion of the procedure
we use to estimate this ratio) as a function of bj-band mag-
nitude for the final 1 124 galaxy sample and the parent 2dF-
GRS emission line galaxy sample. Galaxies in the parent
2dFGRS sample were selected by having η > 0 and Hβ
equivalent width larger than 10 A˚. Again, the final 1 124
galaxy sample is distributed similarly to the 2dFGRS par-
ent sample of emission line galaxies with Hβ equivalent
width larger than 10 A˚. The parent sample of emission line
galaxies with Hβ equivalent width larger than 10 A˚ contains
galaxies with low Hα equivalent width, and high observed
[OII]λ3727/Hα flux ratio that are not present in the final
1 124 emission line galaxy sample. However, these galax-
ies represent less than 1% of the parent sample. The simi-
c© 2001 RAS, MNRAS 000, 000–000
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Figure 3. Comparisons between the properties of the final 1 124 emission line galaxy sample discussed in the remainder of the paper and
those of the parent emission line samples. The 2dFGRS emission line galaxy sample is shown as a greyscale plot on a logarithmic scale,
and the final galaxy sample is shown as dots. For top panels, galaxies in the parent emission line galaxy sample were selected from the
2dFGRS sample requiring η > 0. Top left: intrinsic effective surface brightness plotted against absolute bj -band magnitude. Top right:
physical effective radius against absolute bj-band magnitude. For the bottom panel, galaxies in the parent emission line galaxy sample
were selected are those with η > 0 and Hβ equivalent width larger than 10 A˚. Bottom left: similar to the upper left panel. Bottom right:
similar to the upper right panel. The final 1 124 galaxy sample covers similar ranges of galaxy parameters than the parent sample of
2dFGRS emission line galaxies with Hβ equivalent width larger than 10 A˚.
lar distributions of both emission line galaxy samples sug-
gest that our final 1 124 galaxy sample is representative of
the parent sample of 2dFGRS emission line galaxies with
Hβ equivalent width larger than 10 A˚ in terms of its lu-
minosity, colour, and surface photometry properties. Also,
the 2dFGRS spectroscopic sample is representative of the
complete 2dFGRS magnitude-limited photometric sample
down to the surface brightness limit of the 2dFGRS, i.e.,
∼ 24.5 bjmag arcsec
−2 (Cross et al. 2001). Hence, the final
1 124 emission line galaxy sample is fairly representative of
the vigorously star forming, i.e., Hβ equivalent width larger
than 10 A˚, local emission line galaxies, within the 2dFGRS
limits. The correlations we aim to investigate are expected
then not to be severely biased by the selection procedure
of the final sample of 1 124 emission line galaxies. However,
we can not rule out the possibility that we are missing faint
galaxies with strong emission lines, but with low surface
brightness, i.e., close to or lower than the 2dFGRS surface
brightness limit.
3 APERTURE EFFECTS
The fibres in the 2dF instrument cover a 2.1 arcsecond
diameter region of each galaxy, and this small aperture
coverage of galaxies may bias the distribution of galaxy
properties, and the estimate of the emission line properties
(e.g., Kochanek et al. 2001). The aperture in fibre-fed spec-
troscopy is usually centred on the inner part of the galaxies
so that the nuclear light is collected. For 2dFGRS, the in-
c© 2001 RAS, MNRAS 000, 000–000
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Figure 4. Comparisons between the variation of (bj -R) colour (left), Hα equivalent width (middle), and observed [OII]λ3727/Hα flux
ratio (right), as a function of bj magnitude for the final 1 124 emission line galaxy, shown as dots, and the parent emission line sample,
shown as a greyscale plot on a logarithmic scale. The galaxies in the parent 2dFGRS emission line galaxy sample were selected as those
with η > 0. and Hβ equivalent width larger than 10 A˚.
ternal precision with which the fibres are aligned with the
galaxy centre is 0.16 arcsec on average, with no fibres out-
side 0.3 arcsec (Colless et al. 2001). The absolute accuracy of
the input astrometry is ∼ 0.5 arcsec (Maddox et al. 1990a).
The fraction of the light from outer parts of a galaxy will
depend on its redshift, intrinsic size, and surface brightness
profile, as well as the size of the fibre and seeing during
the observation. The bias introduced by such observational
procedure depends also on the morphological type of the ob-
served galaxies. The larger the bulge-to-disk ratio, the more
serious may be the potential bias. Even though the distribu-
tion of star-forming regions tend to be centrally distributed
in bulge-dominated galaxies, luminous star forming regions
tend to be located in the outer regions of the disk. The ma-
jor caveat might come from irregular galaxies where star
forming regions can be found anywhere. Aperture effects
are therefore a concern, and we must assess how close the
spectra of our sample galaxies are to fully integrated galaxy
spectra. We first consider the surface brightness profiles of
the galaxies, to estimate the fraction of a galaxy’s light that
is sampled by the fibre. We then search for any correlation
between emission line properties and the fraction of light
sampled.
3.1 Surface photometry of 2dFGRS galaxies
Surface photometry was carried out using blue image data
from the United Kingdom Schmidt Telescope obtained from
the SuperCOSMOS Sky Survey (Hambly et al. 2001, Ham-
bly, Irwin & McGillivray 2001). Data were downloaded from
the public Survey server in Edinburgh† for a 2.0 arcmin
square region around each galaxy.
The SExtractor program (Bertin 1998, Bertin &
† http://www-wfau.roe.ac.uk/sss/
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Arnouts 1996) was run over each data file and the SExtrac-
tor object corresponding to the 2dF target was identified, on
the basis of a close match to the celestial coordinates of the
2dFGRS target. For each 2dF target, SExtractor provided
the object centroid coordinates, an overall image ellipticity
and the orientation of the object. This analysis used only
those pixels having a surface brightness brighter than 25.0
bj mag arcsec
−2. A series of concentric elliptical annuli were
then defined on a linear scale for each 2dFGRS target which
were centred on the image centroid of the target and had the
overall image ellipticity and orientation. The mean Super-
COSMOS intensity was then measured within each annulus.
The results from these annuli provided a surface brightness
profile in the form of the mean intensity as a function of the
semi-major axis of the annuli.
Exponential surface brightness profiles were fitted to
the surface brightness profiles weighting each data point ac-
cording to an estimate of the error in the intensity. These fits
were performed between intensities corresponding to 22.3
and 27.0 bj mag arcsec
−2. The bright limit was imposed to
avoid problems associated with photographic saturation in
the UKST survey data (e.g Maddox et al. 1990ab, Shao et
al. 2003). Data points within 1.5 arcsec of the image centre
were excluded to avoid any problems caused by the presence
of a nucleus or by seeing. The fitted profile is characterised
by the central surface brightness and the exponential scale
length along the major axis. As the method avoids the satu-
rated higher surface brightness regions of galaxy images, in
the case of spiral galaxies it is mostly sensitive to their discs.
The central surface brightness is therefore an extrapolation
to the image centre of the fitted profile.
The SuperCOSMOS intensities were converted to mag-
nitude surface brightnesses using calibrations for each UKST
plate derived from the public SuperCOSMOS Sky Survey
total magnitudes. The photometric zero point of the Super-
COSMOS data for each UKST plate was selected to min-
imise the differences between the total magnitude under the
fitted exponential profile and the SuperCOSMOS Sky Sur-
vey total bj magnitudes for all 2dFGRS targets within that
UKST field. No attempt was made to account for photo-
metric variations across individual UKST plates: the Super-
COSMOS Sky Survey pixel data have already been corrected
for vignetting effects, and no strong evidence of residual
effects were found during a comparison of the fitted pro-
file data with total magnitudes from the APM Catalogue
(Maddox et al. 1990a). The magnitude surface brightnesses
of the fitted exponential profiles have therefore been put on
to the SuperCOSMOS Sky Survey scale. The root-mean-
square difference between the total magnitude under the fit-
ted exponential profiles and the total magnitudes from the
SuperCOSMOS Sky Survey Catalogue is 0.15 mag, which
will be caused by factors including a failure to account for
bulges of spiral galaxies, the r1/4 profiles of ellipticals and
peculiar galaxy morphologies. This figure is slightly larger
for lower redshifts and for lower surface brightnesses, but
does not vary with colour. The data of Hambly, Irwin &
MacGillivray (2001) indicate that the absolute calibration
of the SuperCOSMOS Sky Survey Catalogue blue magni-
tudes is accurate at the 0.1–0.2 mag level.
The surface photometry gave the inferred central sur-
face brightness µ◦, obs and the angular scale length. To cor-
Figure 5. Distribution of the fraction of the total galaxy light
observed by the fibre for the galaxy sample discussed in the pa-
per. The vertical arrow indicates the location of the mean of the
covering fraction distribution, i.e., 11%.
rect for cosmological surface brightness dimming, the intrin-
sic central surface brightness was computed as:
µ◦, int = µ◦, obs − 2.5 log10(1 + z)
4
− k(z)−AGal (1)
where z is the redshift, k(z) is the k-correction and AGal
is the interstellar Galactic foreground extinction. The k-
correction was computed for the observed 2dF redshift using
the Poggianti (1997) results for the bj photographic band,
determining the galaxy type from the Madgwick et al. (2002)
η parameter. The physical scale length was obtained from
the angular scale length using the angular diameter distance
computed from the redshift. The mean value of the bj k-
correction for the emission-line galaxies was 0.15 mag. No
corrections were made for inclination and internal redden-
ing.
3.2 Aperture coverage
We use the surface photometry, discussed in Sec. 3.1 to esti-
mate the fibre covering fraction for the emission line galaxies
by measuring the ratio of the light within the fibre aper-
ture, centred on the nucleus, to the total luminosity. Fig. 5
shows the distribution of the covering fraction for the galaxy
sample. It shows that the average spectrum in our sample
contains 11% of the total flux of the galaxy, with a standard
deviation of 6%; the median of the covering fraction distri-
bution is 10%. The average fraction of galaxy light collected
by the fibres depends on redshift: the 14% aperture covering
fraction for z > 0.1 galaxies is a factor two larger than for
z < 0.05 galaxies. Intrinsically brighter galaxies tend to be
physically larger than fainter galaxies, but for magnitude-
limited survey such as the 2dFGRS they also tend to be
found out to larger distances, where fainter galaxies are lost
from the sample, so the projected fibre aperture is larger.
Thus for a magnitude-limited sample, the fraction of galaxy
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Figure 6. A test for aperture effect. Different panels show the relationships between the equivalent widths of Hα (top left), [OII]λ3727
(top right), [NII]λ6584 (bottom left), and the ratio of [OII]λ3727 and Hα equivalent widths (bottom right) and the aperture fraction for
the galaxy sample discussed in the paper for different redshift bins. The large circle and the error bar in each panel show the median
and the standard deviation of the distribution of emission line equivalent widths and the equivalent width ratio in each redshift bin.
light seen by the fibres is not a strong function of absolute
magnitude (see Fig. 9 of Tremonti et al. 2004 for a similar
conclusion using a sample of emission line galaxies drawn
from the SDSS).
To make sure that the aperture size is not biasing the
properties of our galaxy sample, we examine the galaxy
properties as a function of the fraction of galaxy light col-
lected through the fibres. Fig. 6 shows the relationship be-
tween the aperture fraction and the equivalent width of
[NII]λ6584, [OII]λ3727, Hα, and [OII]λ3727/Hα equivalent
width ratio, for different redshift bins. The large open cir-
cles and the bars show the medians and the standard de-
viations of the emission line equivalent width distributions
and equivalent width ratio distribution for each redshift bin.
The figure shows that the equivalent widths do not show
any sizeable dependence on the fibre covering fraction, in-
dependently of redshift. The emission line equivalent widths
and equivalent width ratio show no trend with redshift. The
distributions of emission line equivalent widths for galaxies
with redshifts z ≥ 0.05, a redshift limit recommended by
Zaritsky et al. (1995) to minimize the effects of the aperture
bias, do not show any trend with the observed fraction of
the galaxy light. Consequently, there is no evidence that the
properties of our normal emission line galaxy sample are sys-
tematically biased. We conclude that the galaxy sample may
be used with confidence to study the properties of emission
line galaxies.
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4 THE [OII]λ3727/Hα FLUX RATIO
In this section, we will investigate the sensitivity of
[OII]λ3727/Hα emission line flux ratio to galaxy and in-
terstellar emitting gas properties.
4.1 Flux calibration and reddening
The relative flux calibration, over the whole spectral cover-
age of the 2dF spectrograph is uncertain; thus the flux ratio
of two distant lines, such as [OII]λ3727 and Hα, may not be
accurately estimated and may also be subject to systematic
errors. Fortunately, using equivalent widths and broad-band
photometry, one can accurately estimate the flux ratio. Let
us write the emission line equivalent width as a ratio be-
tween the emission line flux and the adjacent continuum
flux in the observed spectrum, so the extinction-corrected
[OII]λ3727/Hα emission line flux ratio is given by:
I([OII ])/I(Hα) = EW ([OII ])/EW (Hα)× Fc,[OII]/Fc,Hα
×100.4×E(B−V )(κ(OII)−κ(Hα)) (2)
where Fc,[OII], and Fc,Hα are the continuum flux
adjacent to [OII]λ3727 and Hα respectively, E(B −
V ) is the colour excess. We approximate the ra-
tio between the continuum flux by a colour term:
log(Fc,[OII]/Fc,Hα) = 0.4[zp − (bj − R)], where zp = 0.6.
The colour excess, E(B−V ), from obscuration by dust
can be estimated from the observed ratio of Hα and Hβ line
fluxes for each galaxy using the relation:
E(B − V ) = 1.086τV /RV (3)
where
τV =
ln[F (Hα)/F (Hβ)]− ln[I(Hα)/I(Hβ)]
κHα − κHβ
(4)
I(Hα)/I(Hβ) is the intrinsic Balmer line flux ratio,
F(Hα)/F(Hβ) is the observed Balmer line flux ratio, τV is
the effective V -band optical depth, and κλ is the optical in-
terstellar extinction curve. We adopt the Milky Way inter-
stellar extinction law of Cardelli, Clayton, & Mathis (1989),
with RV = 3.1. We make the stellar absorption correction
to Hα/Hβ flux ratio on a galaxy-by-galaxy basis by fitting
Gaussian profiles to both an absorption and emission compo-
nent for Hβ. We also correct the Hα/Hβ flux ratio for Galac-
tic extinction using values taken from Schlegel, Finkbeiner,
& Davis (1998) extinction maps. We assume an intrinsic
ratio of I(Hα)/I(Hβ) = 2.85, corresponding to the case B
recombination with a temperature of T = 104K, and a den-
sity of ne ∼ 10
2 − 104 cm−3 (Osterbrock 1989). The different
extinction laws available in the literature show similar be-
haviour in the optical, making the results of our subsequent
analysis independent of the chosen extinction law.
Fig. 7 shows the distribution of inferred colour excess
for our galaxy sample. The mean E(B− V ) for the galaxies
in our sample, after correcting for Galactic extinction, is
0.34 ± 0.01, and a median of 0.33 ± 0.01, with a standard
deviation of 0.2 magnitude. The mean value found for the
galaxy sample is consistent with the widely used average
colour excess, E(B−V ) ∼ 0.3, for Hα measurements of star
forming galaxies (e.g., Nakamura et al. 2003, Hopkins et al.
2003, Kewley et al. 2004).
Figure 7. Distribution of the colour excess E(B − V ) for the
galaxy sample. The vertical arrow shows the location of the mean
colour excess for the sample, i.e., E(B − V ) = 0.34± 0.01.
Figure 8. Relationship between Balmer-decrement derived
colour excess and the absolute magnitude M(bj). Large filled cir-
cles and bars show the mean and the standard deviation of the
colour excess distributions in 1.5 magnitude wide bins.
Fig. 8 shows the relationship between the colour ex-
cess and absolute bj-band magnitude. Large filled circles
and associated bars show the mean and the standard de-
viation of the colour excess distributions in 1.5 magnitude
wide bins. The Spearman correlation coefficient is −0.45.
The two-sided probability of obtaining this value by chance
is almost zero. This indicates that the colour excess and the
absolute galaxy magnitude are correlated; i.e., bright galax-
ies tend to be more affected by internal extinction than faint
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Figure 9. Distribution of the [OII]λ3727/Hα flux ratio. The con-
tinuous line shows the distribution of the extinction-corrected ra-
tio, while the dashed line shows the ratio before extinction cor-
rection. The vertical arrows show the means of the extinction-
uncorrected and extinction-corrected ratio distributions, i.e.,
0.62± 0.02 and 1.26± 0.03 respectively.
galaxies, and that there is a large scatter about this trend.
The absence of galaxies in the lower right corner of the plot,
i.e., the lack of bright galaxies with low colour excess, is un-
likely to be due to a selection effect as the selection of sample
galaxies was based uniquely on the strength of emission lines
compared to the continuum, not on galaxy absolute mag-
nitude and/or emission line ratios. Samples of emission line
galaxies selected with different Hβ equivalent width cuts be-
tween 10 A˚ and 20 A˚ do not show a larger zone of exclusion
in the lower right corner of Fig. 8.
If the dust were smoothly distributed throughout the
galaxies, light from the general stellar population would be
obscured, and we would expect to see a lower central surface
brightness in galaxies with a larger colour excess. We find
no significant correlation between the colour excess and the
galaxy central surface brightness or the physical effective
radius. This suggests that the obscuring dust in galaxies
is not distributed in the same way as the stellar light, it
is concentrated close to the sources of line emission (e.g.,
Stasin´ska & Sodre´ 2001), and/or it has different scale-height
to stars.
Fig. 9 shows the distribution of the observed and the
extinction-corrected [OII]λ3727/Hα emission line flux ra-
tio. The mean value of the extinction-corrected ratio is
1.26 ± 0.02, compared to 0.62 ± 0.02 of the observed emis-
sion line ratio. Both observed and extinction-corrected mean
ratios for our emission line galaxy sample are comparable
to the same mean ratios for NFGS galaxies (Kewley et al.
2004); this is reasonable since both galaxy samples select
roughly similar emission line galaxies. However the observed
ratio for our sample is different from the values seen in
the UCM galaxy sample (Arago´n-Salamanca et al. 2004),
and radio-detected galaxies in the First Data Release of the
Figure 10. The relationship between the colour excess E(B-
V) derived from the Balmer decrement and the observed
[OII]λ3727/Hα ratio. Large circles and bars show the means and
the standard deviations of the observed [OII]λ3727/Hα ratio in
0.2 magnitude wide bins. The continuous lines indicate the trend
expected from the obscuration curve of Cardelli et al. (1989) for
intrinsic [OII]λ3727/Hα flux ratios of 0.7, 1.2, and 2.0 from bot-
tom to top, respectively. The dashed lines show the similar trend
but using the obscuration curve of Seaton (1979).
SDSS (Hopkins et al. 2003). On the other hand, the mean
value of the extinction-corrected ratio is comparable to what
is derived for the UCM samples. Note that the Hopkins et al.
(2003) sample has the lowest observed mean [OII]λ3727/Hα
ratio; this is understandable since radio-selected samples
tend to be less biased against galaxies with a larger dust
content than optically- or Hα-selected galaxy samples. This
confirms the Jansen et al. (2001) finding that an important
factor leading to different emission line ratios in different
galaxy samples is the sample-dependent mean dust extinc-
tion. Thus using [OII]λ3727 as a star formation rate indica-
tor requires calibration in a reddening-independent way (see
also Kewley et al. 2004).
Fig. 10 shows the relationship between internal dust
reddening, in terms of colour excess, E(B-V), and the log-
arithm of the observed [OII]λ3727/Hα ratio. Large circles
and bars show the means and the standard deviations of the
observed [OII]λ3727/Hα ratio in 0.2 magnitude wide bins.
The trend indicated by large solid circles does not change if
the medians are used instead of the means. The Spearman
correlation coefficient is −0.35, with the two-sided proba-
bility of obtaining this value by chance almost zero, i.e.,
∼ 8× 10−32. This indicates a statistically significant corre-
lation between the colour excess, E(B-V), and emission line
[OII]λ3727/Hα flux ratio, consistent with what was found
for NFGS galaxies (Jansen et al. 2001; Kewley et al. 2004).
We found no convincing relationship between galaxy lumi-
nosity and extinction-corrected [OII]λ3727/Hα ratio for our
galaxy sample, similar to what is observed for UCM galax-
ies (Arago´n-Salamanca et al. 2005, see also Hopkins et al.
2003). However, Jansen et al. (2001) found that after cor-
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recting for the internal extinction, a weak correlation still
exists between the [OII]λ3727/Hα ratio and the galaxy lu-
minosity. They interpret this correlation as an indication of
the sensitivity of emission line ratio to gas-phase abundance.
If a common extinction law is valid for all the galaxies in the
sample, there should be a simple relationship between the
observed [OII]λ3727/Hα flux ratio and the colour excess.
The solid lines in Fig. 10 show the relationships expected
using the extinction law of Cardelli et al. (1989) for dif-
ferent values of the intrinsic [OII]λ3727/Hα flux ratio. The
dashed lines show the expected relationships if the extinc-
tion law of Seaton (1979) is used. The fact that the predicted
relationship using the Seaton (1979) extinction law is not
significantly steeper than what is expected using the extinc-
tion law of Cardelli et al. (1989) suggests that the presence
or absence of a correlation between absolute magnitude and
the extinction-corrected [OII]λ3727/Hα is not tied strongly
to the adopted extinction law. It is possible that the large
scatter of 2dFGRS data may mask a correlation.
4.2 [OII]λ3727/Hα ratio and metal abundance
To what extent does the systematic variation of
galaxy chemical abundance regulate the variation of
the [OII]λ3727/Hα ratio? Because of the sensitivity of
[OII]λ3727 to metallicity, one may expect that the
[OII]λ3727/Hα ratio may be related to the metal-content
of the star-forming region. Unfortunately, 2dFGRS spectra
do not have the required S/N to accurately measure the
needed emission lines to estimate electronic temperature-
based abundances. Without a reliable electron temperature
diagnostic, we have estimated the gas-phase oxygen abun-
dance using the so-called strong emission line method first
proposed by Pagel et al. (1979), and extensively used in
the literature (e.g., Dopita & Evans 1986, Zaritsky et al.
1994, Contini et al. 2002, Melbourne & Salzer 2002, Pet-
tini et al. 2001, Kobulnicky et al. 2003). This approach
is based on the idea that strong lines, i.e., [OII]λ3727,
[OIII]λ4959, λ5007, and Hβ, contain enough information to
get an accurate estimate of the oxygen abundance (Mc-
Gaugh 1991). This is done through the so-called parame-
ter R23, introduced by Pagel et al. (1979), and defined as:
R23 = ([OIII]λ4959, λ5007 + [OII]λ3727)/Hβ. The R23 pa-
rameter is estimated usually from emission line flux ratio.
Recently, Kobulnicky & Phillips (2003) have shown that the
use of equivalent widths instead of fluxes to derive R23 gives
similar results. Due to the limited quality of the relative flux
calibration over the whole spectral range covered by the 2dF
spectra, we prefer to use the equivalent widths to estimate
R23 rather than emission line fluxes.
Fig. 11 shows the relationship between the intrinsic
[OII]λ3727/Hα flux ratio and the abundance-sensitive R23
parameter. Large filled circles and bars show the means and
the standard deviations of logarithmic reddening-corrected
[OII]λ3727/Hα ratio distributions in 0.15 dex wide bins.
The solid line is the linear fit to the NFGS galaxy sample
(Jansen et al. 2001). The Spearman correlation coefficient is
−0.55, with the two-sided probability of obtaining this value
by chance being almost zero. This indicates that intrinsic
[OII]λ3727/Hα flux ratio is correlated with the abundance-
sensitive R23 parameter with a large statistical significance.
The observed correlation does not come as a surprise as the
Figure 11. The relationship between the reddening-corrected
[OII]λ3727/Hα ratio and the abundance sensitive R23 parameter.
Large filled circles and bars show the means and the standard de-
viations of logarithmic reddening-corrected [OII]λ3727/Hα ratio
distributions in 0.15 dex wide bins. The solid line is a linear fit
from Jansen et al. (2001).
Figure 12. The relationship between the reddening-corrected
[OII]λ3727/Hα ratio and the oxygen abundance in units of
12 + log(O/H). The abundances are calculated using the Mc-
Gaugh (1991) calibration of the R23 method (see text for more
details). Filled circles and associated error bars show the means
and the standard deviations of [OII]λ3727/Hα ratio distribu-
tions as a function of oxygen abundance in 0.2 dex wide bins.
Filled squares show galaxies with high ionization-sensitive ra-
tios, i.e., log([OIII]λ5007/Hβ) ≥ 0.5. These galaxies tend to
have, at a given oxygen abundance, lower reddening-corrected
[OII]λ3727/Hα ratios than galaxies with low and intermediate
log([OIII]λ5007/Hβ) ratios (see text for more details).
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Figure 13. The relationship between the reddening-corrected
[OII]λ3727/Hα ratio and the abundance sensitive emission line ra-
tio [NII]λ6584/Hα. Filled circles and associated error bars show
the means and the standard deviations of [OII]λ3727/Hα ratio
distributions in 0.2 dex wide bins.
variation of the R23 parameter is related to the variation of
both the [OII]λ3727/Hα ratio, and the ionization conditions
as traced by the ratio of two different oxygen emission lines,
i.e., log R23 ∝ log([OII]λ3727/Hα) + log(1 + O32), where
O32 = [OIII]λ4959, λ5007/[OII]λ3727 is an ionization-
sensitive ratio.
The dependence of the abundance-sensitive R23 param-
eter on the metallicity is degenerate. Indeed, at a fixed value
of R23 two different values of metallicity are possible: at
the same oxygen abundance, different ionization parame-
ters lead to different values of R23 (McCall et al. 1985).
Different techniques have been developed to break this de-
generacy with some success (Alloin et al. 1979; McGaugh
1991, van Zee et al. 1998, Kobulnicky et al. 1999). To es-
timate the oxygen abundance we have used the calibration
of McGaugh (1991). This calibration is parameterized as a
function of the excitation-sensitive parameter O32. We have
used the secondary metallicity indicator [NII]λ6583/Hα to
determine which branch of the McGaugh calibration to use
(see Lamareille et al. 2004 for a detailed discussion of the
abundance estimate for the galaxy sample).
Fig. 12 shows the relationship between oxygen abun-
dance, expressed in terms of 12 + log(O/H), and the
extinction-corrected [OII]λ3727/Hα ratio. Large filled cir-
cles and the associated bars show the means and the
standard deviations of the [OII]λ3727/Hα ratio distribu-
tions in 0.2 dex wide bins. The relationship between the
extinction-corrected [OII]λ3727/Hα ratio and oxygen abun-
dance splits into two regimes. For metal-poor galaxies, i.e.,
12 + log(O/H) <∼ 8.4, the intrinsic [OII]λ3727/Hα flux ratio
increases with oxygen abundance. For these galaxies, the
Spearman rank correlation coefficient is 0.73, with a two-
sided probability of obtaining this value by chance almost
equal to zero, i.e., 2.5× 10−51. This indicates a strong corre-
lation between the extinction-corrected [OII]λ3727/Hα ra-
tio and oxygen abundance for metal-poor galaxies. On the
other hand, metal-rich galaxies, i.e., 12 + log(O/H) >∼ 8.4,
show a similar trend but with a slope of the opposite sign.
The Spearman rank correlation coefficient is −0.6, with a
two-sided probability of obtaining this value by chance al-
most equal to zero, i.e., 2.5 × 10−33, suggesting a strong
anti-correlation between the intrinsic [OII]λ3727/Hα flux
ratio and oxygen abundance. The metal-rich branch in the
[OII]λ3727/Hα vs. 12 + log(O/H) diagram is consistent with
the same relationship for the NFGS galaxy sample con-
structed by Kewley et al. (2004) using the McGaugh (1991)
calibration.
However, there is a concern here. Because radial abun-
dance gradients are known to exist in spiral galaxies, it has
been argued, depending on the metallicity gradients and the
relative weight of different Hii regions in the integrated emis-
sion line spectra, that the R23 parameter might not be a
useful indicator of galaxy overall metallicity (Stasin´ska &
Sodre´ 2001; but see Kobulnicky et al. 1999 for a different
view). To establish the dependence of [OII]λ3727/Hα flux
ratio on the emitting gas metallicity, it is useful to confirm
the observed correlation in Fig 12 using metallicity indica-
tors other than the R23 parameter. The [NII]λ6584/Hα ra-
tio has been proposed recently as an empirical metallicity
indicator (van Zee et al. 1998, Denicolo´ et al. 2002). The
[NII]λ6584/Hα ratio is less sensitive to the electron tem-
perature than the R23 parameter, making this ratio less af-
fected by the doubled value problem (e.g., Kewley & Do-
pita 2002). A valuable advantage of using this emission line
ratio is its independence of both reddening and the accu-
racy of the relative flux calibration. In integrated spectra of
galaxies, one expects however a non negligible contribution
from a diffuse medium (e.g., Collins et al. 2000; Zurita et
al. 2000). The [NII]λ6584/Hα ratios in the diffuse medium
are generally larger than in nearby Hii regions. The effect
of the diffuse medium is to increase the [NII]λ6584/Hα ra-
tio by about 30% at most: this increase is smaller than the
metallicity dependence of this ratio, making the ratio a use-
ful metallicity indicator (see Stasin´ska & Sodre´ 2001, and
references therein). It is worth mentioning that our sample
galaxies are distributed along a well defined sequence in the
[NII]λ6584/Hα ratio against R23 parameter diagram, inter-
preted as a metallicity-excitation sequence, similar to the
sequence defined by local Hii galaxies (Fig. 14c of McCall et
al. 1985). Another proposed empirical metallicity indicator
that does not suffer from the double value problem is the
[NII]λ6584/[OII]λ3727 ratio (Dopita et al. 2000, Kewley &
Dopita 2002). It is however strongly dependent on the ex-
tinction correction, and the spectrophotometric accuracy of
the spectra.
Fig. 13 shows the relationship between the extinction-
corrected [OII]λ3727/Hα ratio and the [NII]λ6584/Hα ratio.
Filled circles and associated bars show the means and the
standard deviations of the [OII]λ3727/Hα ratio in 0.2 dex
wide bins. For galaxies with log([NII]λ6584/Hα) >∼ −1, cor-
responding roughly to log(O/H) + 12 >∼ 8.4 using the van
Zee et al. (1998) calibration, the Spearman correlation coef-
ficient is −0.36, with the two-sided probability of obtain-
ing this value by chance of 9 × 10−27. This indicates a
statistically significant anti-correlation between the metal-
licity indicator and the extinction-corrected [OII]λ3727/Hα
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Figure 15. Left: the relationship between ionization parameter
sensitive [OIII]λ4959λ5007/[OII]λ3727 and the [OII]λ3727/Hα
ratio for metal-rich galaxies (12+log(O/H) ≥ 8.4). Right: similar
to the left panel but for metal-poor galaxies (12 + log(O/H) ≤
8.4). Large circles show galaxies with log([OIII]λ5007/Hβ) ≥ 0.5.
ratio. For metal-rich galaxies, i.e., log(O/H) + 12 >∼ 8.4, ni-
trogen is thought to be predominantly a secondary element
(e.g., Villa-Costas & Edmunds 1993, Henry et al. 2000),
so the observed trend reflects the sensitivity of the intrin-
sic [OII]λ3727/Hα ratio to abundance within this metal-
licity regime. For galaxies with low [NII]λ6584/Hα ratio,
i.e., mainly metal-poor galaxies for which nitrogen is a pri-
mary element (Matteucci 1986), the relationship between
[NII]λ6584/Hα and the extinction-corrected [OII]λ3727/Hα
flux ratio is reversed. The Spearman correlation coefficient is
0.33, with the two-sided probability of obtaining this value
by chance of 1.3 × 10−8. This indicates a statistically sig-
nificant correlation between the metallicity indicator and
the extinction-corrected [OII]λ3727/Hα flux ratio for metal-
poor galaxies. This confirms that the variation of extinction-
corrected [OII]λ3727/Hα ratio is coupled with the evolution
of metallicity.
4.3 [OII]λ3727/Hα ratio and excitation state
Kewley et al. (2004) have found that for
12 + log(O/H) >∼ 8.5, the variation of extinction-corrected
[OII]λ3727/Hα flux ratio does not depend on the ionization
state of interstellar emitting gas. For our galaxy sample, the
scatter of the extinction-corrected [OII]λ3727/Hα flux ratio
at a given metallicity appears to be related to the variation
of the ionization parameter in galaxies. Indeed, at a given
oxygen abundance, galaxies with large ionization-sensitive
[OIII]λ5007/Hβ ratio, shown as filled squares in Fig. 12,
tend to have lower intrinsic [OII]λ3727/Hα flux ratio than
galaxies with a low-to-intermediate ionization-sensitive ra-
tio. This suggests that the variation of the excitation state
of the interstellar emitting gas in galaxies may contribute to
the observed variation of the [OII]λ3727/Hα ratio.
The left panel of Fig. 14 shows the diagnostic diagram of
[OII]λ3727/Hβ ratio as a function of [OIII]λ4959, λ5007/Hβ
for our galaxy sample. Large/small circles show metal-
poor/metal-rich galaxies, i.e., 12 + log(O/H) ≤ 8.4(> 8.4).
The continuous line shows the theoretical sequence of Mc-
Call, Rybski, & Shields (1985) for line ratios of Hii galaxies
as a function of metallicity. Along the track, the metallic-
ity is high at the lower left, i.e., for low excitation systems,
and low at the upper right, i.e., for high excitation systems
(McCall et al. 1985). Most of the metal-poor galaxies in the
sample lie in the moderate- to high-excitation regime popu-
lated by local Hii galaxies, i.e., log([OIII]λ5007/Hβ) ≥ 0.3,
while metal-rich galaxies are located in the low-excitation
regime. The right panel of Fig. 14 shows the [OIII]λ5007/Hβ
ratio versus the absolute bj-band magnitude for our sample
galaxies. The galaxies define a continuous sequence in this
diagram. The observed sequence is interpreted as being a
variation in the metallicity of the ionized gas (Dopita &
Evans 1986; Stasin´ska 1990). On average faint/metal-poor
galaxies tend to be highly ionized, while bright/metal-rich
galaxies are characterized by low-ionization parameters.
The line ratio O32 is a function of both ionization pa-
rameter and metallicity (Kewley & Dopita 2002). For a
galaxy sample that covers a large range of metallicity, a given
O32 could correspond to different combinations of abun-
dances and ionization parameters. In order to distinguish be-
tween the effects of ionization and metallicity, we have split
the galaxy sample into metal-rich, i.e., 12 + log(O/H) > 8.4,
and metal-poor, i.e., 12 + log(O/H) ≤ 8.4, galaxy subsam-
ples. Fig. 15 shows the extinction-corrected [OII]λ3727/Hα
flux ratio versus O32 ratio for metal-rich and metal-poor
subsamples respectively. The O32 ratio has been estimated
using emission line equivalent widths. Kobulnicky & Phillips
(2003) have shown that estimates of this ratio using equiva-
lent widths give results similar to using emission line fluxes.
Large circles show galaxies with log([OIII]λ5007/Hβ) ≥ 0.5.
Note that for the metallicity range covered by galaxies in our
sample, the [OIII]λ5007/Hβ ratio is sensitive mainly to ion-
ization parameter, and is almost independent of metallicity
(Kewley et al. 2004).
For metal-rich galaxies, the Spearman correlation co-
efficient for the relationship between extinction-corrected
[OII]λ3727/Hα ratio and O32 ratio is 0.07, with the two-
sided probability of obtaining this value by chance of 0.05.
This indicates that there is no statistically significant corre-
lation between the intrinsic [OII]λ3727/Hα flux ratio and
the ionization-sensitive O32 ratio, in agreement with the
Kewley et al. (2004) result. The subsample of metal-rich
galaxies spans a limited range in ionization-sensitive ratio;
the distribution of O32 ratio for metal-rich galaxies has a
mean of 0.63, with an accuracy of 0.01, and 70% of the
galaxies of this subsample with a ratio less than 0.5. The
low O32 ratio suggests that for metal-rich galaxies, a signif-
icant fraction of oxygen emission results from O+ species.
Metal-poor galaxies exhibit a larger range of ionization-
sensitive diagnostic ratios, extending to extreme excitation
states. The majority of galaxies in our sample with large
excitation-sensitive ratios are metal-poor. The distribution
of the O32 ratio for metal-poor galaxies has a mean of 1.66±
0.07, with 72% of the galaxies having O32 larger than unity.
Metal-poor galaxies with low to moderate excita-
tion, i.e., log([OIII]λ5007/Hβ) < 0.5 cover a wide range
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Figure 14. Left: The relationship between [OII]λ3727/Hβ and [OIII]λ4959, λ5007/Hβ for our sample galaxies. Large (small) circles show
metal-poor (metal-rich) galaxies (12 + log(O/H) ≤ 8.4 [> 8.4]). The solid line shows the theoretical sequence from McCall et al. (1985),
which fit the local HII galaxies with metallicity decreasing from the left to the right. Right: Excitation sensitive ratio versus bj -band
absolute magnitude for our sample galaxies.
in ionization-sensitive diagnostic ratios, i.e., 0.2 <∼ O32 <∼ 3,
with a mean of 1.23 ± 0.04. For these galaxies, the
Spearman correlation coefficient for the relationship be-
tween extinction-corrected [OII]λ3727/Hα ratio and O32
ratio is −0.67, with a two-sided probability of obtain-
ing this value by chance of 1.1 × 10−25. This indi-
cates a statistically significant anti-correlation between
the intrinsic [OII]λ3727/Hα flux ratio and the ionization-
sensitive O32 ratio. Highly ionized metal-poor galaxies, i.e.,
log([OIII]λ5007/Hβ) ≥ 0.5, span a large range of ioniza-
tion parameter, i.e., 1 <∼ O32 <∼ 10, with a mean ratio of
2.59 ± 0.16. These galaxies show a stronger anticorrelation
between the extinction-corrected [OII]λ3727/Hα flux ratio
and the ionization-sensitive O32 ratio: the Spearman correla-
tion coefficient for these galaxies is −0.8, with the two-sided
probability of obtaining this value by chance of 2.4× 10−18.
The lack of a dependence of the extinction-corrected
[OII]λ3727/Hα ratio on ionization state of the interstellar
medium for NFGS galaxies may be attributed to the absence
of such highly ionized metal-poor galaxies. This galaxy sam-
ple consists mostly of normal star-forming galaxies, with few
active starburst galaxies and extremely metal-poor dwarfs
(Jansen et al. 2000). The observed dependence of extinction-
corrected [OII]λ3727/Hα flux ratio on ionization state of the
interstellar medium for metal-poor and highly ionized galax-
ies suggests that at low metallicity, where the electronic tem-
perature is very high, a significant fraction of oxygen atoms
may be in the form of O++ and higher excitation levels. For
metal-poor galaxies with a high ionization parameter, the
variation of the extinction-corrected [OII]λ3727/Hα ratio is
regulated by the variation of the ionization parameter rather
than metallicity. Fig. 16 shows the distributions of Hα and
[OII]λ3727 emission line equivalent widths, oxygen abun-
dance, and bj-band absolute magnitude for galaxies with
log([OIII]λ5007/Hβ) ≥ 0.5. The highly ionized galaxy pop-
ulation in our sample, for which a strong anti-correlation is
observed between the extinction-corrected [OII]λ3727/Hα
flux ratio and the excitation-sensitive ratio O32, consists
mainly of faint metal-poor galaxies, in which the starburst
is still vigorously active, keeping the high ionization con-
ditions. An important conclusion regarding the high ion-
ization galaxy population is that the estimate of their star
formation rate based on the [OII]λ3727 luminosity may be
significantly underestimated, even when the dependence of
the extinction-corrected [OII]λ3727/Hα ratio on metallic-
ity is corrected. Guzma´n et al. (1997) have shown that for
a z = 0.137 compact field galaxy with extreme ionization-
sensitive ratios, i.e., O32 = 3.8 and [OIII]λ5007/Hβ = 5.27,
the star formation rate based on [OII]λ3727 luminosity is
underestimated by a factor of 6, compared to the star for-
mation rate based on Hα luminosity.
5 SUMMARY AND CONCLUSIONS
We have used spectrophotometric data for a sample of
1 124 nearby star-forming galaxies from the 2dFGRS sample,
spanning a range of 7 magnitudes in M(bj), to investigate
the systematic variation of the [OII]λ3727/Hα emission-line
ratio as a function of galaxy and interstellar emitting gas
properties.
The 2dF fibres cover, on average, about 11% of the to-
tal light of the galaxy. No evidence for systematic aperture
bias affecting the estimate of the emission line properties is
found. This suggests that our spectra are sufficiently rep-
resentative of the integrated galaxy spectra. The nebular
extinction as derived from the Balmer decrement is found
to correlate with the intrinsic absolute luminosity. The mean
of the distribution of the extinction-corrected emission line
[OII]λ3727/Hα flux ratio is similar to what was found for
c© 2001 RAS, MNRAS 000, 000–000
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Figure 16. Distribution of properties of highly ionized galaxies, i.e., log([OIII]λ5007/Hβ) ≥ 0.5. The upper panels shows the equivalent
widths of [OII]λ3727 and Hα emission lines, with medians of 85 A˚ and 48 A˚ respectively. The lower panels show the distributions of
oxygen abundance and absolute bj-band magnitude. The median of oxygen abundance distribution is 12 + log(OH) = 8.1(∼ Z⊙/4), and
−17.4 for bj-band magnitude distribution.
other galaxy samples, selected in different ways, confirming
that the internal reddening is a driver behind the variation
of the observed [OII]λ3727/Hα.
We confirm that there is a strong correlation be-
tween the extinction-corrected [OII]λ3727/Hα ratio and
the oxygen abundance for metal-rich galaxies, and ex-
tend the observed correlation further to the metal-poor
regime, i.e., 12 + log(O/H) <∼ 8.4. This relationship consists
of two branches, i.e., where the [OII]λ3727/Hα ratio is in-
creasing (decreasing) as a function of the oxygen abun-
dance for 12 + log(O/H) <∼ 8.4(>∼ 8.4). For metal-rich galax-
ies, there is no clear dependence of the extinction-corrected
[OII]λ3727/Hα ratio on the ionization parameter, in agree-
ment with what was reported for NFGS sample galaxies.
However, a strong correlation is seen for metal-poor galax-
ies, especially for those with high ionization-sensitive ratios.
These galaxies tend to be faint and strong [OII]λ3727 emit-
ters. For these galaxies, the [OII]λ3727/Hα ratio is more
sensitive to the variation of ionization parameter than to
the variation of oxygen abundance.
An emission-line galaxy spectrum is the result of many
physical properties of the ionized gas, e.g., the chemical
abundance and dust content, and of the relative importance
of the ongoing star-forming activity, e.g., the star formation
timescale. The excitation state depends both on the emit-
ting gas abundance and on the ionizing stellar flux, which
in turn depends on the effective temperature of the ioniz-
ing stars, which depends on the stellar initial metallicity,
and on the age of the ongoing star formation event. Differ-
ent detection techniques preferentially detect emission line
galaxies at different stages of the starburst. An important
conclusion is that using the [OII]λ3727 emission line as a
star formation rate indicator requires a good understanding
of the selection criteria of the galaxy sample under investiga-
tion, and how they determine its properties, i.e., extinction,
metallicity, and excitation state.
c© 2001 RAS, MNRAS 000, 000–000
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